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In recent years, the existence of visual variants of Alzheimer's disease characterized by atypical 
clinical presentation at onset has been increasingly recognized. In many of these cases post-mortem 
neuropathologicai assessment revealed that correlations could be established between clinical 
symptoms and the distribution of neurodegenerative lesions. We have analyzed a series of 
Alzheimer's disease patients presenting with prominent visual symptomatology as a cardinal sign of 
the disease. In these cases, a shift in the distribution of pathological esions was observed such that 
the primary visual areas and certain visual association areas within the occipito-parieto-temporal 
junction and posterior cingulate cortex had very high densities of lesions, whereas the prefrontal 
cortex had fewer lesions than usually observed in Alzheimer's disease. Previous quantitative 
analyses have demonstrated that in Alzheimer's disease, primary sensory and motor cortical areas 
are less damaged than the multimodal association areas of the frontal and temporal lobes, as 
indicated by the laminar and regional distribution patterns of neurofibrillary tangles and senile 
plaques. The distribution of pathological lesions in the cerebral cortex of Alzheimer's disease cases 
with visual symptomatology revealed that specific visual association pathways were disrupted, 
whereas these particular connections are likely to be affected to a less severe degree in the more 
common form of Alzheimer's disease. These data suggest hat in some cases with visual variants of 
Aizheimer's disease, the neurological symptomatology may be related to the loss of certain 
components of the cortical visual pathways, as reflected by the particular distribution of the 
neuropathological markers of the disease. © 1997 Elsevier Science Ltd 
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INTRODUCTION 
In both structural and functional terms, Alzheimer's 
disease (AD) is largely a disease of the cerebral cortex. 
Structurally, the hallmarks of AD pathology senile 
plaques, neurofibrillary tangles, and severe loss of 
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neurons and synapses, are most prevalent in the cerebral 
cortex. Functionally, the neurologic defici'ts een in AD 
involve abilities such as memory, learning, cognition, 
and language, which are "all uniquely well developed in 
humans, and in fact are dependent upon the association 
regions within prefrontal, temporal, and po,;terior parietal 
cortex that have expanded so dramatically in the human 
neocortex. The most striking neuropathological changes 
in AD are found within these same association areas 
(along with hippocampal and paralimbic cortices; see 
Arnold et al., 1991; Hof & Morrison, 1994), suggesting 
that just as the evolution of these cortical regions has 
allowed for higher level cortical functions in primates, 
their destruction deprives AD patients of those intellec- 
tual functions that are particularly well developed in 
humans. 
Selective vulnerability is a hallmark of all of the major 
neurodegenerative disorders. The selectivity is apparent 
at the level of affected brain regions, subregions or layers, 
and specific cell populations. For example, cellular, 
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laminar, and regional selectivity are apparent in the 
distribution of pathology in motor neuron disease: the 
pyramidal cells within layer V of the motor cortex and the 
motor neurons within the ventral horn of the spinal cord 
are the primary sites of pathology (Kuncl et al., 1992). 
Selective vulnerability also is apparent in AD, yet the 
pathology appears to be more widespread than in several 
other neurodegenerative diseases, in that cortical affer- 
ents such as the divergent projections from the locus 
coeruleus and the nucleus basalis of Meynert, as well as 
certain populations of cortical neurons are affected 
(Markesbery, 1992; Hof & Morrison, 1994). In the last 
decade, several analyses of senile plaque and neurofi- 
brillary tangle distribution in neocortex have demon- 
strated striking regional and laminar correlations between 
senile plaque and neurofibrillary tangle distribution and 
the origins and terminations of long corticocortical nd 
key hippocampal projections (Pearson et al., 1985; 
Rogers & Morrison, 1985; Hyman et al., 1986; Lewis 
et al., 1987; Hof et al., 1990b; Hof & Morrison, 1990, 
1994; Arnold et al., 1991). Along with senile plaque and 
neurofibrillary tangle formation, significant neuronal loss 
occurs in AD (Terry et al., 1981), and this neuronal loss 
primarily involves pyramidal cells in the cortical ayers 
that furnish association and commissural projections 
(Terry et al., 1981; Hof et al., 1990b; Hof & Morrison, 
1990, 1994). Furthermore, neurofibrillary tangle forma- 
tion may occur more prominently in pyramidal cells in 
the neocortex, and several classes of non-pyramidal 
interneurons have been reported to be generally resistant 
to the degenerative process in AD (for review see Hof & 
Morrison, 1994), even though certain subtypes of 
interneurons are affected in AD, possibly at late stages 
of the disease (Kowall & Beal, 1988; Gaspar et al., 1989; 
Hof & Morrison, 1991; J.C. Vickers, personal commu- 
nication). In spite of the fact that certain interneurons 
clearly are involved in the degenerative process of AD, 
these data suggest that he the pathological changes affect 
mostly pyramidal cells, and that those furnishing long 
corticocortical projections may represent a particularly 
vulnerable class of neurons. Consequently, a global 
corticocortical disconnection may occur in AD that may 
constitute the primary anatomical substrate for dementia 
(Pearson et al., 1985; Lewis et al., 1987; Hof et al., 
1990b; Hof & Morrison, 1990, 1994). Interestingly, all 
corticocortical systems are not equally vulnerable, with 
short projections from primary sensory to adjacent 
secondary sensory areas being more resistant to degen- 
eration than long association pathways (Pearson et al., 
1985; Lewis et al., 1987; Hof et al., 1990b; Hof & 
Morrison, 1990, 1994). In the present article, we review 
quantitative neuropathologic data on the localization of 
neurofibrillary tangles and senile plaques in cases of AD 
with complex visual disturbances, and discuss the 
possible relationships of specific symptoms, particular 
regional and laminar lesion patterns, and the disruption of 
certain components of the visual corticocortical path- 
ways. 
MATERIALS AND METHODS 
Tissue collection and preparat ion 
The brains of eleven AD patients (74.4 + 10.1 years 
old) presenting with prominent visual symptomatology 
and macroscopic posterior cortical atrophy, twelve AD 
cases (80.0 + 2.5 years old) with the usual clinical 
symptomatology of severe temporospatial disorientation 
and cognitive impairment, and four elderly individuals 
with no signs of neurologic or psychiatric deficits 
(77.5 _+ 3.6 years old) were obtained at autopsy and 
were fixed by immersion in a 10% formalin solution 
(post-mortem delay, 1-12 hr). The clinical and neuro- 
pathological data were obtained from the clinical records 
of the attending physicians, the Department of Psychia- 
try, University of Geneva School of Medicine, Geneva, 
Switzerland; the Department ofPathology, University of 
Tennessee Medical Center, Knoxville, US.A.; and the 
Department of Neurology, Vanderbilt University, Nash- 
ville, U.S.A. The eleven AD cases with posterior cortical 
atrophy (thereafter, PCA cases) presented with at least 
some of the elements of a complex visual symptomatol- 
ogy referred to as B~lint's yndrome. B~itint's yndrome 
can be clinically characterized asthe combination of (1) 
impairment of target pointing under visual guidance 
(optic ataxia); (2) inability to shift gaze at will toward 
new visual stimuli (ocular apraxia); and (3) perception 
and recognition of only parts of the visual field 
(simultanagnosia) (B~ilint, 1909; see Damasio, 1985). 
The entire brain was available for study in all of these 
cases, except one PCA case where only the fight 
hemisphere was obtained. In addition, the microscopic 
slides used by Morel for his original description of one of 
the present cases (Morel, 1945) were available from the 
collection of neuropathologic materials at the Depart- 
ment of Psychiatry, University of Gene, va School of 
Medicine. This Department holds a historic collection of 
over 7000 human brains, and despite approximately 10- 
50 years of storage in formalin for some of the cases 
included in the present study, these materials were in 
outstanding condition (Hof et al., 1989, 1990a, 1993; Hof 
& Bouras, 1991). All of the PCA cases eventually 
developed severe AD clinically, which was confirmed by 
neuropathological evaluation. In six of the PCA cases, 
the visual disturbances were the first sign of the 
dementing disorder, whereas in the other PCA cases, 
the visual symptomatology appeared during the course of 
the dementia. Two of the PCA cases had an early onset of 
their dementing illness (Hof et al., 1993). In contrast to 
AD cases, the cases with prominent visual symptomatol- 
ogy were characterized by a marked po:~terior cortical 
atrophy at autopsy (Hof et al., 1989, 1990a, 1993). There 
was no evidence of infection, tumor, large vascular lesion 
or traumatic alteration in any of these cases. No 
atheromatous lesions were detected in any of the major 
cerebral vessels. Routine neuropathologic evaluation 
showed that all of the PCA cases contaJtned numerous 
senile plaques and neurofibrillary tangles throughout the 
entire cortical mantle. The hippocampal formation and 
the entorhinal cortex were severely affected and lesion 
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counts consistently met the criteria for the neuropatho- 
logic diagnosis of AD (Mirra et al., 1993). In addition, 
there were no cortical microinfarcts, in particular in the 
posterior parietal and occipital regions. 
In all cases, the following areas were analyzed [Roman 
numerals follow Brodmann's nomenclature for neocor- 
tical areas (Brodmann, 1909); an alternate nomenclature 
(Felleman & Van Essen, 1991) derived from the 
organizational scheme developed in the visual system 
of the macaque monkey is also used where relevant]: 17, 
18 (primary and secondary visual cortex, areas V1 and 
V2) and 19 (areas V3/VP and V4) in the occipital cortex, 
7b in the posterior parietal cortex (possible homologues 
of visual areas 7a, VIP, LIP, and MIP located within the 
intraparietal sulcus and on the lateral aspect of the 
parietal cortex of the macaque monkey), 7m on the 
posteromedial aspect of the hemisphere corresponding to 
the precuneus, 23 in the posterior cingulate cortex, 20 and 
37 in the inferior temporal cortex (putatively correspond- 
ing to areas TEO and TE; the posterior aspect of this 
region also includes the possible homologue of the 
monkey middle temporal area MT, or V5, at the junction 
with area 19), and 9, 46, 45 in the prefrontal cortex, the 
entorhinal cortex and hippocampus. From each tissue 
block, serial 30/tm-thick sections were cut on a cryostat 
and stained for routine neuropathologic evaluation with 
modified thioflavine S, modified Gallyas, Globus, 
Bielchowsky, Holzer, and Campbell-Switzer-Martin 
techniques (Vallet et al., 1992), as well as hematox- 
ylin-eosin and cresyl violet. From each block, additional 
serial sections were processed with specific antibodies to 
the microtubule-associated protein tau or to the amyloid 
Aft protein. Characterization and specificity of these 
antibodies have been fully documented elsewhere 
(Delacourte t al., 1990; Permanne t al., 1995; Bure- 
Scherrer et al., 1996). Briefly, the 30/xm-thick sections 
were incubated overnight at 4°C with the anti-tau 
antibody at a dilution of 1:2000 or at a dilution of 
1:4000 for the anti-amyloid A/7 protein antibody. 
Following incubation, sections were processed by the 
avidin-biotin method using a Vectastain ABC kit (Vector 
Laboratories, Burlingame, CA), and 3,3'-diaminobenzi- 
dine as a chromogen, and were intensified in 0.005% 
osmium tetroxide (Hof et al., 
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FIGURE 1. Distribution of neurofibrillary tangles in areas V1 (A), V3 (B), MT (C), 7b (D), 23 (E), and 9 (F) in an AD case with 
PCA. Note the very high numbers of lesions in all of the posterior cortical areas, and in particular in area V1, as well as the 
increase in lesion density in areas V3, MT, 7b and 23 compared to area V1. Also, prefrontal area 9 exhibits numbers of 
neurofibrillary tangles comparable to those in area V1. Each panel shows layers I-III; the pial surface is to the top and the 
bottom of the panels is in layer IV. Most of the lesions are located in layer III. Compare with Figs 2 and 3. Tissues were stained 
with an antibody to the microtubule-associated protein tan. Scale bar (on F) = 100 #m. 
were present throughout layers I -V I  (Figs 1 and 2). 
Finally, all cortical regions, except hose in the prefrontal 
cortex, contained very high densities of microtubule- 
associated protein tau-immunoreactive n uritic clusters, 
neuropil threads and dystrophic neurites in the cases with 
visual function deficits (Fig. 1). 
The functional organization of  the human occipital 
cortex and occipito-temporo-parietal junction has been 
documented in several recent studies and appears to 
match to some extent the hierarchical schemes observed 
in nonhuman primates (Clarke & Miklossy, 1990; 
Watson et al., 1993; Miklossy, 1993; Clarke, 1993, 
1994, 1995; Sereno et al., 1995; Tootel] et al., 1995; 
Tootell & Taylor, 1995; DeYoe et al. ,  1996). Based on 
these observations, it was possible to identify several of 
the putative extrastriate visual areas in the present series 
of  PCA cases, relying on Nissl-stained sections and on 
the distribution and density of  lesions. It should be kept in 
mind that in some cases with advanced pathology, the 
cytoarchitecture was difficult to interpret due to the 
severity of  AD changes. However, progressive differ- 
ences in lesion densities enabled us to distinguish 
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FIGURE 2. Computer-generated maps of neurofibrillary tangle distribution i PCA cases (A, C, E) in comparison toAD cases 
(B, D, F). These maps were obtained from tissues tained with an antibody to the microtubule-associated protein tan. Portion of 
areas V1 and V2 (A, B), V3 (C, D), and MT (E, F) are shown• Each black dot represents a ingle neurofibrillary tangle• Note the 
much higher lesion densities in the PCA cases compared to the AD cases in these regions• Scale bar (on F) = 2 mm (A-C, E) 
and 1.5 mm (D, F). 
between several regions along the visual pathways. Areas 
V1 in the calcarine sulcus and V2 were easily identified 
by their characteristic cytoarchitecture. Data from areas 
V3 in the dorsomedial occipital cortex, VP in the lingual 
gyrus and V4 in the fusiform gyrus, were pooled since 
there were no obvious differences in lesion densities 
among these three regions in our materials, in spite of 
substantial variations in their cytoarchitectural nd 
myelination patterns reported elsewhere (Clarke & 
Miklossy, 1990; Clarke, 1993). For instance, the ventral 
portion of area V3 (referred to as VP) shows smaller 
pyramidal neurons in layers HI and V than the adjacent 
fields V2 and V4, and the dorsal portion of area V3, and is 
much less myelinated (Clarke & Miklossy, 1990). Area 
MT appeared as a restricted region with severe 
pathologic alterations located in the lateral inferior 
occipital gyri. This location corresponds well to the 
heavily myelinated zone reported by Flechsig (1920), 
Clarke and Miklossy (1990), Clarke (199311, and Tootell 
& Taylor (1995), and to the region specifically activated 
by motion detection tasks in functional imaging studies 
(Watson et al., 1993; Sereno et al., 1995; Tootell et al., 
1995). It should be noted however, that we :had no access 
to myelin preparations from the PCA brains and for this 
reason could not directly confirm the correspondence 
between myelin patterns and lesion densities. The 
posterior parietal cortex and the cortex within the 
precuneus was globally referred to as area 7b/7m on the 
basis of lesion densities, but probably contains several 
visual association areas (see Miklossy, 1993; Tootell & 
Taylor, 1995). 
Cases with posterior cortical atrophy 
Quantitatively, the densities and distribution of senile 
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F IGURE 3. Computer-generated maps of neurofibri l lary tangle distr ibution in PCA cases (A, C, E) in comparison to AD cases 
(B, D, F). These maps were obtained from tissues tained with an antibody to the microtubule-associated protein tau. Portion of 
areas 7b (A, B), 23 (C, D), and 9 (E, F) are shown. Each black dot represents a s ingle neurofibri l lary tangle. Note the much 
higher lesion densit ies in the PCA cases compared to the AD cases in areas 7b and 23, whereas area 9 displays fewer 
neurofibri l lary tangles in the PCA cases than in the AD cases. Posterior c ingulate areas 30 and 29 adjacent o area 23 in the depth 
of the cal losal sulcus are also indicated. Scale bar (on F) = 2 mm (A, C, D, E) and 1.5 mm (B, F). 
plaques and neurofibrillary tangles in these cases were 
globally comparable to our previous fndings in AD cases 
with posterior cortical atrophy (Hof et  al . ,  1989, 1990a, 
1993; Hof & Bouras, 1991). There was a clear gradient in 
neurofibrillary tangle densities from area V 1 to the visual 
association regions in the parietal cortex, as well as in the 
posterior cingulate cortex in the PCA cases. The number 
of neurofibrillary tangles in both the supragranular nd 
the infragranular layers was almost wice as high in area 
V2 as in area V1, and further 1.6- to 2.4-fold increases 
were observed in areas V3/V4, 7b/7m and 2!3 (P < 0.001; 
Table 1; Figs 1-3). Also, areas 9, 46 and 45 in the 
prefrontal cortex showed much fewer neurofibrillary 
tangles than the occipital (except area V1),, parietal and 
posterior cingulate regions, indicating the presence of a 
shift of neurofibrillary tangle distribution onto the 
cortical areas of occipital pole and temporo-parieto- 
occipital junction [P < 0.001; Table 1; Figs 1 and 3(F)]. 
No differences in lesion densities were observed among 
areas 9, 46 and 45. In PCA cases, area V1 had 
comparable, and in some cases up to twice as many 
neurofibrillary tangles in layers II and III, as in the 
prefrontal areas. Similarly, in area V2 these differences 
with the prefrontal areas were up to 3.2-fold more 
neurofibrillary tangle in layers I to III and up to 2.4-fold 
more in layers V and VI (P < 0.001 ; Table 1). The most 
striking differences in neurofibrillary tangle counts with 
areas 9, 46 and 45 were observed in areas V3/V4, MT, 7b/ 
7m and 23, where they reached up to 8.5-fold in layers I -  
III and 5.4-fold in layers V and VI (P < 0.001; Table 1; 
Figs 2 and 3). In these cases the inferior temporal cortex 
displayed higher neurofibrillary tangle densities than the 
prefrontal areas (2.6- to 3.4-fold, P < 0001; Table 1). 
However, densities in areas TE and TEO were always 
substantially lower than those in the posterior cingulate 
and inferior parietal cortices, and in particular than in 
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TABLE 1. Neurofibrillary tangle and senile plaque counts in the 
neocortex of PCA cases 
Areas Neurofibrillary tangles Seniles plaques 
V1 
Layers 
V2 
Layers 
V3/V4 
Layers 
MT 
Layers 
7b/7m 
Layers 
23 
Layers 
TErI'EO 
Layers 
9 
Layers 
46 
Layers 
45 
Layers 
l-III 78.8 _ 7.0 70.3 __+ 8.5 
IV 4.2 -I- 1.9 30.0 ___ 3.5 
V-VI 29.3 + 3.1 38.9 _+ 5.2 
I-Ill 156.5 _+ 18.1 121.9 -I- 15.6 
1V-VI 171.3 :t= 17.7 89.0 + 8.8 
i -m 222.7 _+ 18.3 133.4 + 17.0 
Iv-v I  244.0 + 17.9 95.4 _+ 9.6 
I-RI 390.5 + 15.3 162A _+ 18.3 
IV-VI 421.6 _+ 15.0 129.5 _+ 14.7 
I-RI 225.1 + 13.7 145.13 + 16.0 
IV-VI 250.2 __+ 12.2 87.5 __+ 8.6 
I-llI 165.2 _ 39.9 138.0 _+ 14.4 
IV-VI 179.3 _ 20.2 83.8 _+ 9.6 
1-11I 112.2 _ 8.1 80.0 + 9.8 
IV-VI 134.6 + 9.9 57.8 +__ 6.7 
I-lII 42.3 __. 4.3 68.8 __+ 13.2 
IV-VI 69.8 + 8.7 45.6 _ 7.8 
I-RI 44.5 + 6.3 70.2 ___ 11.0 
IV-VI 71.2 -I- 7.3 49.3 __. 6.8 
I-lII 53.5 ___ 6.6 75.6 ___ 7.2 
IV-VI 70.1 _ 5.3 48.0 ___ 4.9 
The results represent mean ___ S.E.M. from the 11 PCA cases and are 
expressed as neurofibrillary tangle counts per 7 mm of laminar 
cortical traverse. Note the high neurofibrillary tangle densities in 
the primary and secondary visual cortex in these cases. Also, 
neurofibrillary tangle densities are very high in areas V3/V4, MT, 
7b/7m, whereas areas TE/TEO is relatively less affected. Note the 
large variability in neurofibrillary tangle densities in area 23, 
reflecting the existence of subgroups of PCA cases (see Results 
and Figs 7 and 8). Areas 9, 46 and 45 show low neurofibrillary 
tangle densities in comparison to visual association regions, but in 
the range of those seen in area V1. A comparable trend in the 
distribution of senile plaques is visible among these areas. For 
regional comparison with AD cases, see Figs 2, 3, 5, and 6, and 
Hof et al. (1989, 1990a). 
area MT, which appeared consistently as a relatively 
well-defined zone with elevated numbers of  lesions (25-  
50% depending on the cases, P < 0.005; Table 1; Figs 1 
and 2(E)]. It should be noted that Morel reported a 
comparable gradient in lesion densities in areas 17, 18 
and 19 in his original description of  one of our cases 
(Morel, 1945; Hof  et al., 1993). 
Senile plaque distribution was also characterized by 
progressive density increases from area V1 to areas V2, 
V3/V4, MT, 7b/7m and 23, in PCA cases (Table 1; Figs 
4-6). Area V2 contained up to 32% more senile plaques 
than area V1 in layers 1-HI, and further increases were 
noted in areas V3/V4, MT and 7b/7m (10 and 35%, 
depending on the cases, P < 0.01; Table 1; Figs 4--6). 
Layers I - I I I  o f  areas MT and 23 were characterized by 
very high senile plaque densities [Table 1; Figs 4 and 
6(D)]. Comparable increases in senile plaque density 
were observed in layers V and VI in these regions (10-  
40%, P<0.01;  Table 1). Senile plaque densities in 
supragranular and infragranular layers were generally 
comparable in areas 9, 46 and 45 and TEZI'EO. There 
were fewer senile plaques in the prefron~l and inferior 
temporal cortices than in the occipital, parietal and 
posterior cingulate areas (20--60%, P < 0.(105; Table 1; 
Fig. 4-6). 
Laminar patterns of neuronal loss in the posterior 
cingutate cortex 
In addition to surveying the overall extent of  lesions 
using tau protein immunohistochemistry, it is instructive 
to assess neuron density, since the densities of  tau 
protein-immunolabeled and thioflavine S-s~tained neuro- 
fibdllary tangles may understate total neuronal degenera- 
tion in neocortex. Area 23 in the posterior cingulate 
cortex is considered in this context in view of  the 
available data on neuronal degeneration i this region in 
AD (Brun & Englund, 1981; Vogt et ,~'1., 1990). A 
qualitative assessment of posterior cingulate cortex in the 
PCA cases showed that three groups could be defined. 
The first group had an age of  disease onset before 65 yr 
and the highest number of  neurofibrillary tangles 
measured with either tau protein immunottistochemistry 
or thioflavine S. Although neurofibrillary tangles were 
mainly located in layers II, l l I  and V, neuronal oss was 
severe in all cortical layers (Fig. 7). Only some large 
pyramidal neurons remained in layers II Ic and Va. In the 
ventral retrosplenial areas, there tended to be more 
neurofibrillary tangles in the superficial ayers, while in 
area 23c in the ventral bank of  the cingulat¢ sulcus, most 
neurofibrillary tangles were found in layer Va. In spite of  
these topographical and laminar differences in neurofi- 
brillary tangle distribution, neuron degeneration through- 
out each area was severe. Thus, there were only few 
neurons left in the posterior cingulate cortex in the early- 
onset PCA cases. 
The other two PCA groups had a disease onset after 
the age of  65 and one-third or fewer NFT than in the 
early onset group. One late-onset group had moderate 
neuron loss that was mostly prominent in either the 
superficial or deep layers, depending o:n the cases, 
whereas the other late-onset group had severe neuronal 
degeneration throughout he cortex (Fig. 8). In these 
moderate cases, there was a relative sparing of neurons 
in layer H and m,  but profound loss of  neurons in layers 
IV, V and VI [Fig. 8(B, C)]. Tan protein-ir~anunolabeled 
neurofibrillary tangles were densest in layers II, I I Iab 
and Va, although the overall density was lower than in 
the early-onset PCA cases. There were no neurofibrillary 
tangles in layer IV, although few neurons appeared 
to have survived based on Nissl preparations. In the 
severe late-onset group, neuronal degeneration was not 
restricted to a few layers, and there were fewer 
neurofibrillary tangles [Fig. 8(D, E)]. These observations 
indicate that neurofibrillary tangle formation occurs in 
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FIGURE 4. Distribution of senile plaques in areas V1 (A), MT (B), 7b (C), and 23 (D) in an AD case with PCA. Note the very 
high numbers of lesions in all of the cortical regions outside area V1. There is also an increasing number of senile plaques in 
areas MT, 7b and 23. Each panel shows layers I-III; the pial surface isto the top and the bottom of the panels is in layer IV. Most 
of the lesions are located in layer HI. Compare with Figs 5 and 6. Tissues were stained with an antibody to the amyloid Aft 
protein. Scale bar (on D) = 100 tlrn. 
a variable subset of neurons in the posterior cingulate 
cortex in PCA cases, and their densities may help 
differentiating subgroups with early or late disease onset. 
These densities may not, however, accurately represent 
the actual oss of various neuronal subsets in this region. 
It should finally be noted that the retrosplenial cortex and 
adjacent areas 29 and 30 also contained higher lesion 
densities in the PCA cases compared to AD cases [Figs 
3(C, D) and 6(C, D)]. 
Comparison with AD cases 
In all of the PCA cases, areas V1, V2 and V3 contained 
a much higher density of neurofibrillary tangles than 
usually observed in AD. Increases were most marked in 
the occipital areas and were predominant in areas V1 and 
V2, where differences up to 34-fold in layers I - I I I  and 
60.1-fold in layers IV -V I  of area V 1 were noted in the 
PCA cases compared to AD cases [P<0.001;  Fig. 
2(A, B)]. These values reached 15.8-fold and 19.5-fold, 
respectively in area V2 [P < 0.001; Fig. 2(A, B)]. In 
areas V3/V4 and MT, differences up to 48 and 50% were 
observed, whereas smaller, yet statistically significant, 
increases were found in areas 7b/7m and 23 (20-25%, 
P < 0.005; Figs 2(C-F) and 3(A-D)]. Neurofibrillary 
tangle counts did not differ in PCA cases in a statistically 
significant manner in areas TE/TEO. In the prefrontal 
cortex of PCA cases, neurofibrillary tang]re counts were 
always much lower than in AD cases, with differences up 
to 55% in areas 9, 46 and 45 [P < 0.001; Fig. 3(E, F)]. In 
most cortical areas, neurofibrillary tangles were more 
numerous in the deep layers (Table 1), although these 
values were not significantly different from those of 
superficial layers. 
Senile plaques were much more numerous in the 
occipital cortex of PCA cases than in .M), and were 
more frequently observed in supragranular layers (Table 
l; Figs 5 and 6). Depending on the area, ~tere was a 3- to 
5-fold increase in senile plaque density in the PCA 
cases, with the largest differences in areas V1 and V2 
followed by areas V3/V4 and MT (P < 0.001; Fig. 5). 
The PCA brains had 2.5 times more senile plaques in 
area 7b/7m, and twice as many in area 23 compared to 
AD cases [P<0.001;  Table 1, Fig. 6(A-D)]. No 
difference between PCA and AD cases was observed in 
areas TE/TEO. In the prefrontal cortex, a consistent 
difference was observed in the superior frontal gyrus 
(area 9), where senile plaque counts were higher in PCA 
compared to AD [40%, P < 0.005; Fig. 6(E, F)], whereas 
areas 45 and 46 had comparable counts in the PCA and 
AD cases. 
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FIGURE 5. Computer-generated maps of senile plaque distribution in PCA cases (A, C, E) in comparison to AD cases (13, D, F). 
These maps were obtained from tissues tained with an antibody to the amyloid Aft protein. Portions of areas V1 and V2 (A, B), 
V3 (C, D), and MT (E, F) are shown. Each star represents a single senile plaque. Note the higher lesion densities in the PCA 
cases compared to the AD cases in all four cortical regions. Scale bar (on F) = 2 mm (A-C, E, F) and 1.5 mm (D). 
DISCUSSION 
In 1909, Resz(i B~ilint described a complex visual 
syndrome characterized by a cortical paralysis of visual 
fixation associated with an optic ataxia nd a disturbance 
of visual attention i  patients with large bilateral parieto- 
occipital esions of vascular origin (Bzilint, 1909). Our 
interest in cases of AD with particular visual defects 
arose from our conviction that if senile plaque and 
neurofibrillary tangle formation represent the disconnec- 
tion of specific corticocortical pathways, then some AD 
cases may have identifiable neurological deficits that 
would be directly related to the disconnection that has 
occurred, as reflected by senile plaque and neurofibrillary 
tangle distribution. Interestingly, several clinical and 
neuropathological studies have demonstrated the occur- 
rence of AD cases with atypical neuro-ophthalmological 
presentation (see Fletcher, 1994). The occurrence of a 
B~ilint's-like syndrome in an AD patie, nt was first 
documented by Griinthal (1928). Most of the AD cases 
with focal occipital alterations present with complex 
neurologic symptomatology and variable disturbances of
visual function including alexia, anomia, agraphia, 
transcortical sensory aphasia, as well as B~ilint's and 
Gerstmann's syndromes, with a preservation of memory 
in the early stages of their illness. The cortical atrophy, as 
demonstrated in some of these cases by computer assisted 
tomography and magnetic resonance imaging or at 
autopsy, usually predominates in the parieto-temporo- 
occipital junction and occipital cortex (Magnani et al., 
1982; Cogan, 1985; Nissen et al., 1985; Benson et al., 
1988; Berthier et al., 1991; Hof & Bouras, 1991; Hof et 
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FIGURE 6. Computer-generated maps of senile plaque distribution i PCA cases (A, C, E) in comparison toAD cases (B, D, F). 
These maps were obtained from tissues tained with an antibody to the amyloid Aft protein. Portions of areas 7b (A, B), 23 (C, 
D), and 9 (E, F) are shown. Each star represents a single senile plaque. Note the higher lesion densities in the PCA cases 
compared to the AD cases in all four cortical areas. It should be noted that prefrontal cortex areas 46 and 45 had comparable 
senile plaque densities in PCA and AD cases. Posterior cingulate areas 30 and 29 adjacent to area 23 in the depth of the callosal 
sulcus are also indicated. Scale bar (on F) = 2 mm (A, C, D-F) and 1.5 mm (B). 
al., 1989, 1990a, 1993; Jacquet et al., 1990; Mendez et 
al., 1990a,b,c; Graff-Radford et al., 1993; Levine et al., 
1993; Victoroff et al., 1994; Levy et al., 1995). A few 
cases have been reported with focal AD involving other 
systems and resulting in aphasic, apraxic, and sensor- 
imotor impairments, demonstrating further the hetero- 
geneous nature of cortical atrophy in AD (Crystal et al., 
1982; Jagust et al., 1990; Croisile et al., 1991; Golaz et 
al., 1992; Ball et al., 1993; Ceccaldi et al., 1995). Deficits 
in motion perception and target racing are considered to 
be a relatively common, however not selective, symptom 
once dementia is established (Fletcher & Sharpe, 1988; 
Katz & Rimmer, 1989; Kiyosawa et al., 1989; Kuskows- 
ki et al., 1989; Cronin-Golomb et al., 1993; Kurylo et at., 
1994; Silverman et al., 1994). The clinical symptomatol- 
ogy presented by AD patients presenting with B~ilint's 
syndrome suggests that the early stages of the dementing 
process may involve select cortical pathways linking the 
primary visual occipital regions to the posterior parietal 
and cingulate visual association cortex (Hof et al., 1989, 
1990a, 1993). 
The PCA patients reported in the present study 
represent a subtype of AD in which a fundamental visual 
defect appears relatively early in the course of the 
disease, and in some cases precedes the overt dementia 
and memory loss that are normally seen in AD. In a 
related fashion, the distribution of neuropathological 
profiles in PCA is very different from that usually 
observed in AD, and the shift in distribution suggests that 
the corticocortical disconnection that has occurred is 
more focal than in AD. In particular, these data indicate 
that areas V1, V2 and V3/V4 of the occipital cortex have 
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A: Nissl; Control B: Nissl; Balint C: Tau; Balint 
FIGURE 7. Severe involvement of the posterior cingulate cortex by neurofibrillary tangle formation and neuronal loss in early- 
onset PCA (identified as Balint on the plate). Area 23 of a 75-year-old non-demented in ividual (A, Nissl stain) is compared to
that in an early-onset PCA case [onset at 50 yr and death at 60 yr; (B) Nissl stain; (C) tau protein immunoreactivity]. Note the 
severe neuronal loss and high neurofibrillary tangle density in the PCA case. 
a much higher incidence of senile plaque and neurofi- 
brillary tangles in PCA cases than in AD cases. The 
posterior parietal areas 7b/7m, area MT, and posterior 
cingulate area 23 exhibited higher numbers of senile 
plaques and neurofibrillary tangles in PCA cases than 
usually observed in AD, whereas in areas 9, 46 and 45 
there were fewer neurofibrillary tangle counts in PCA 
than in AD cases. The increases een in the visual areas 
are remarkable in that they are as much as 60-fold in area 
V1 and V2 for neurofibrillary tangle counts in some 
cases, whereas the differences in prefrontal, inferior 
parietal and posterior cingulate cortex are highly 
significant, yet more in the order of 50%. In a related 
case of posterior cortical atrophy presenting with 
prosopagnosia nd apperceptive visual agnosia as the 
first manifestation of the dementia (Hof & Bouras, 1991), 
a comparable occipital shift in the lesion distribution was 
observed. However, this case differed from the PCA 
cases in that there was a preferential distribution of 
neurofibrillary tangles and senile plaques in the inferior 
temporal cortex (areas TEO and TE), whereas the inferior 
parietal and posterior cingulate cortex were in fact less 
affected than in PCA and AD cases, demonstrating the 
specific involvement of certain components of the 
occipito-temporal visual pathway (Hof & Bouras, 1991). 
The notion of separate channels subserving different 
aspects of visual processing originates from studies of the 
macaque monkey neocortex that have demonstrated that 
the primate visual system consists of two major 
interconnected functional channels: an occ:ipito-temporal 
pathway primarily responsible for fonxl and color 
detection, and an occipito-parietal pathway that sub- 
serves visuospatial tasks and motion analysis (see 
Rockland & Pandya, 1979; Mishkin et al., 1983; DeYoe 
& Van Essen, 1988; Zeki & Shipp, 1988). Although this 
conceptualization of two semi-independent visual 
streams is helpful as an organizing principle, the actual 
corticocortical connections underlying visual function 
are very complex and involve more than ',25 identifiable 
visual areas in monkeys (Felleman & Van Essen, 1991; 
Baizer et al., 1991; Nakamura et al., 1993; Hof & 
Morrison, 1995). The degree to which the particular 
distribution of pathologic alterations in t]~e PCA cases 
reported in the present study reveals a ,;pecific visual 
disconnection can be appreciated when placed in the 
context of the organization of corticocortical connections 
in monkey visual areas. However, it should be kept in 
mind that in spite of many recent analy,;es in humans 
employing functional imaging, many of the visual 
association areas seen in monkeys have not been 
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FIGURE 8. Differential involvement ofthe posterior cingulate cortex by neurofibrillary tangle formation and neuronal loss in 
late-onset PCA (identified as Balint on the plate). The same control case as in Fig. 7 is used for comparison (A, Nissl stain). Area 
23 is shown in late-onset PCA cases with moderate changes [(B) Nissl stain; (C) tau protein immunoreactivity) and with severe 
changes [(D) Nissl stain; (E) tau protein immunoreactivity]. In the moderate case, the neuronal loss predominates in the 
superficial layers (B), whereas inthe severe case it is more homogeneous and some dark degenerating cells are observed (D). In 
the late-onset PCA cases there are overall fewer neurofibrillary tangles in area 23 compared to the early-onset PCA cases 
[(C, E); compare with Fig. 7(C)]. 
identified in the human brain, thus analogies between the 
monkey visual system and human pathology must still be 
viewed in general terms. 
It is possible that in AD a certain number of senile 
plaques may result from the aggregation of degenerating 
axonal fibers and terminals from distant cortical neurons 
that contain neurofibrillary tangles (Pearson et al., 1985; 
Rogers & Morrison, 1985; Lewis et al., 1987; Hof et al., 
1989, 1990a,b, 1993; Hof & Morrison, 1994; Vickers et 
al., 1996). According to this hypothesis, the distribution 
of neurofibrillary tangles and senile plaques in the PCA 
cases indicates that specific elements of visual cortico- 
cortical circuits are severely disrupted. For instance, the 
high density of neurofibrillary tangles in layer III of area 
V1 in these cases suggests that the projection to area V2 
is affected. Similarly, the high density of neurofibrillary 
tangles in layer III of areas V2 and V3 suggests that 
feedforward projections to areas V4, MT and 7b are 
affected in the PCA cases. In addition, the high numbers 
of neurofibrillary tangles in layers V and VI of area V2 
indicate that the feedback projection to area V1 is 
comparably altered. In turn, the disruption of such 
feedback connections that terminates in both supra- and 
infragranular layers could reflect the heightened senile 
plaque counts in all layers of area V1 in the PCA cases. 
The increase in senile plaque density in area V2 may 
indicate an involvement of axonal terminals from feed- 
back corticocortical projections from area V3, as well as 
feedforward projections from area V1, "['he same logic 
can be applied to the very high senile plaque numbers in 
areas MT, 7b/7m and 23, which most likely reflect the 
degeneration of the terminals from feedforward connec- 
tions originating in areas V3 and V4, as well as to the 
prefrontal areas 9 and 46 onto which the occipito-parietal 
visual channel is likely to project, and where comparable 
or higher senile plaque densities were observed in PCA 
cases (Felleman & Van Essen, 1991; Wilson et al., 1993; 
Hof  & Morrison, 1995). It is possible that area 9 may be 
particularly affected in this respect, due to the consis- 
tently higher number of senile plaques in PCA cases. 
Thus, the peculiar distribution of the neuropathologic 
alterations within visual cortical areas in PCA cases 
supports the notion that AD involves the. breakdown of 
certain corticocortical projections (Lewis et al., 1987; 
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Hof & Morrison, 1990, 1994; Hof et al., 1990a,b). It must 
be stressed however, that in some cases with severe nd- 
stages pathologic alterations, it is possible that circuits 
other than corticocortical pathways participate in the 
disease process. In particular, certain populations of 
interneurons may be affected (Kowall & Beal, 1988; 
Gaspar et al., 1989; Hof & Morrison, 1991), as well as the 
recurrent collaterals of axons from damaged pyramidal 
neurons. In addition, the degree to which transneuronal 
degeneration is involved at these stages is not known. 
The consistent involvement of the posterior cingulate 
cortex in the PCA cases is particularly relevant in the 
light of recent data indicating that this cortical area is in 
fact an important component of the visuomotor system 
(Olson & Musil, 1992a,b; Olson et al., 1993). Since 
neuron degeneration in posterior cingulate corl:ex is more 
severe than in the posterior parietal and occipital areas, it 
is quite likely that clinical deficits in B~ilint's yndrome 
are due, largely, to the severe and early damage in area 
23. The massive loss of neurons in layers II and IV 
probably abolishes most intracortical processing, losses 
in layer III and V neurons drastically impair corticocor- 
tical processing, and involvement of layers V and VI 
suggests hat cortical projections to subcortical sites such 
as thalamus, striatum and pontine nuclei, could disrupt 
many motor functions. The fact that posterior cingulate 
cortex participates in visual processing originates from 
studies in rats and rabbits, in which massive reciprocal 
connections were observed between areas 17 and 18, and 
area 29 (Vogt & Miller, 1983; Vogt et al., 1986). These 
observations led to an attempt to evoke responses with 
simple visual field stimulation in an awake rabbit 
preparation (Sikes et al., 1988). Although no such visual 
processing could be demonstrated, neuronal discharges 
were tightly linked to quick-phase eye movements. These 
findings shed light on two classes of connections to 
posterior cingulate cortex in primates. 
In primates, there are direct projections from area V3 
to area 23, as well as projections between parietal areas 
LIP and 7m and area 23 (Vogt et al., 1979; Baleydier & 
Mauguibre, 1987; Vogt & Pandya, 1987), and each of 
these systems may subserve different aspects of visual 
processing. Olson and Musil (1992a,b) and Olson et al. 
(1993) have shown in awake cats and macaque monkeys 
that neurons in area 23 respond to visual stimuli of large 
textured patterns and to changes in the orbital position of 
the eye. Thus, there is a convergence of visual and 
oculomotor information to single neurons in area 23 that 
provide for complex visuospatial processing functions. 
Finally, Murray et al. (1989) showed that lesions in 
posterior cingulate cortex impair spatial memory in 
monkeys. In view of the large variability in lesion density 
and distribution in the posterior cingulate cortex in the 
late stages of AD (Brun & Englund, 1981; Vogt et al., 
1990, 1992), it is likely that the involvement of this 
cortical region early in AD may represent a key factor in 
the development of visuomotor disturbances. Interest- 
ingly, severe metabolic reductions localized to the 
posterior cingulate cortex that were closely related to 
reductions in the medioparietal cortex corresponding to
area 7m of the present study, have been observed in 
patients with AD (Minoshima et al., 1994), further 
stressing the possible involvement ofthe cortical network 
linking the parietal, cingulate and occipitai regions in 
AD. Since this region is more severely involved than 
some of the parietal, occipital, and temporal visual 
association areas, its disruption may be one of the pivotal 
features in the clinical expression of visual impairments 
in the PCA cases. 
Interestingly, the regional distribution of lesions 
reported in the present study is generally comparable to 
the possible anatomic boundaries between occipital areas 
described in recent pathologic as well as functional 
imaging studies of the human brain (Clarke & Miklossy, 
1990; Miklossy, 1993; Watson et al., 1993; Clarke, 1993, 
1994, 1995; McCarthy et al., 1995; Orban et al., 1995; 
Sereno et al., 1995; Tootell et al., 1995; Tootell & 
Taylor, 1995; DeYoe et al., 1996). These studies have 
provided evidence for the existence in humans of a 
comparable organizational scheme of visual areas as seen 
in nonhuman primates, and have defined the possible 
localization of areas V1, V2, V3/VP, V4, MT and 
additional fields in the parieto-occipital cortex. This 
organizational scheme of the occipital cortex may 
correspond to local changes in lesion densities observed 
in our studies of PCA cases. In particular, the region 
putatively corresponding to area MT had conspicuously 
higher neurofibrillary tangle densities than the cortex of 
the occipital fields. Furthermore, a recent study in human 
brains also demonstrated the presence of projections from 
the occipital cortex to the dorsal posterior p~u-ietal cortex 
and angular gyrus (areas 7b and 39) that may correspond 
to some of the visual association areas located in the 
parietal cortex of the monkey and specialized in 
visuomotor attention and visuospatial tasks (Miklossy, 
1993). It is worth noting that this subdivision parallels 
that observed in recent functional imaging studies of 
normal humans (Watson et al., 1993; McCarthy et al., 
1995; Orban et al., 1995; Sereno et al., 19c15; Tootell et 
al., 1995; DeYoe et al., 1996). The localization of area 
MT in these studies matches particularly well the region 
of increased lesion densities observed in the inferior 
temporal-occipital junction in the PCA cases. Interest- 
ingly, Orban et al. (1995) have reported the existence in 
humans of another center involved in motiion detection 
that appears to be principally concerned with the 
detection of kinetic contours. It is possible that this 
region, which is distinct from area MT, corresponds to 
parts of the dorsal area V3, the dorsal area PX of Tootell 
& Taylor (1995), or the infero-posterior and medial 
parietal areas 7b/7m that are severely affected in the PCA 
cases. 
Previous results on senile plaque and neurofibrillary 
tangle distribution in visual areas of occipital and 
temporal obes in AD cases have demonstrated that 
while certain afferent inputs to primary 'visual cortex 
might be affected in AD, the major corticocortical 
outflow from this area remains intact, even in relatively 
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severe cases (Hinton et al., 1986; Lewis et al., 1987; Hof 
& Morrison, 1990; Curcio & Drucker, 1993; Kuljis, 
1994; Leuba & Saini, 1995; Blanks et al., 1996a,b). In 
addition, neurofibrillary tangle distribution suggests that 
feedforward projections from area V2 are mildly affected 
in AD cases, whereas both feedforward and feedback 
corticocortical projections appear to be severely affected 
in the visual association cortices of the inferior temporal 
lobe (Hof et al., 1990b). Such an increasing degree of 
neuropathologic lesions with ascension of the visual 
hierarchy is consistent with the deficits in high-order 
visual processing observed in AD. Furthermore, using a 
monoclonal antibody to non-phosphorylated neurofila- 
ment protein, we have demonstrated an extensive loss of 
pyramidal cells likely to furnish corticocortical projec- 
tions in layers III and V of inferior temporal cortex and 
layer III of V2, whereas there is no discernable cell loss in 
layer III of area V1. Interestingly, there was only 
marginal oss of neurofilament protein-enriched neurons 
in layer IVB and of the immunoreactive Meynert cells of 
layer VI, which provide the projection to area MT (Fries 
et al., 1985), the motion detection area within the 
superior temporal sulcus (Hof & Morrison, 11990). Thus, 
it appears that much of the visual cortex and associated 
connections within the occipital obe are spared initially 
in most AD cases, whereas the high order association 
visual areas of the inferior temporal cortex may be 
affected early in the course of the disease (Hof et al., 
1990b; Hof & Morrison, 1990, 1994). 
It is also worth noting that B~ilint's syndrome is 
generally caused by large bilateral areas of infarction that 
include posterior parietal and dorsal occipital cortex 
(B~ilint, 1909; Damasio, 1985; Hof et al., 1990a), 
whereas in the PCA cases, similar symptoms resulted 
from pathologic hanges involving select neuronal types 
and circuits, rather than massive regional destruction. 
These atypical AD cases may serve as excellent examples 
of clinico-pathological correlations between senile pla- 
que and neurofibrillary tangle distribution and clinical 
symptoms that are likely to involve disruption of subsets 
of corticocortical connections. In this respect, the 
differential involvement of the posterior cingulate cortex 
in the cases studied in the present study, as well as the 
severe metabolic reduction in AD recently demonstrated 
by functional imaging (Minoshima et al., 1994; Reiman 
et al., 1996), warrant further analysis of this cortical 
region. The local heterogeneity in laminar lesion and 
neuron loss distribution reveals patterns unique to this 
cortical area, that may be useful to define neuropatholo- 
gic subtypes of posterior cortical atrophy. Such varia- 
bility is consistent with the observations by Victoroff et 
al. (1994) that posterior cortical atrophy is clinically 
quite homogeneous but displays neuropathologic hetero- 
geneity. The disturbances in motion perception and target 
tracing that are frequently observed in demented patients 
(Fletcher & Sharpe, 1988; Katz & Rimmer, 1989; 
Kiyosawa et al., 1989; Kuskowski et al., 1989; Silverman 
et al., 1994), are more severe in PCA cases and are likely 
to be reflected by the very high densities of lesions in 
cortical regions such as areas MT and 7b/7m. In this 
context, functional investigations are needed to reveal the 
degree to which the cortical network,; linking the 
occipital, parietal and cingulate regions are affected in 
patients with posterior cortical atrophy. 
Finally, the analysis of such cases suggests that several 
subtypes of AD exist in which comparable clinico- 
pathological correlations might be related to functional 
systems other than vision (Moss & Albert, 1988). 
Additional studies of such cases using functional imaging 
will be necessary to correlate further the neurologic signs 
observed in these patients with the cortical circuits and 
areas that are possibly altered during the development of
the focal symptoms. These observations suggest hat the 
characterization f relationships between functional role, 
connectivity patterns, and neurochemical characteristics 
of identified systems in the human cortex may lead to a 
better understanding of the anatomical substrate and 
pathogenetic mechanisms underlying neurodegenerative 
disorders uch as AD. 
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